Posterior cervical foraminotomy is an effective surgical technique for the treatment of radicular pain caused by foraminal stenosis or posterolateral herniated discs. The present study was performed to compare the clinical parameters and surgical outcomes of open foraminotomy/discectomy (OF/OFD) and tubular retractor assisted foraminotomy/discectomy (TAF/TAFD) in the treatment of cervical radiculopathy. A total of 41 patients were divided into two groups: 19 patients in Group 1 underwent OF/OFD and 22 patients in Group 2 underwent TAF/TAFD. Among the various clinical parameters, skin incision size, length of hospital stay, analgesic using time, and postoperative neck pain (for the first 4 weeks after the operation) were favorable in Group 2. Surgical outcomes were not different between the two groups. In conclusion, TAF/TAFD should increase patient's compliance and is as clinically effective as much as the OF/OFD.
INTRODUCTION
Posterior cervical foraminotomy is an effective surgical technique for the treatment of radicular pain arising from compression in the foramen secondary to bony stenosis or soft disc herniation (1) (2) (3) . In 1943, Semmes and Murphey first described cervical radicular root syndromes (4), and Murphey followed up with a description of 648 cases in 1973 (5) .
Various surgical techniques can be used for the treatment of cervical radiculopathy. Although anterior cervical procedures have gained prominence, posterior cervical foraminotomy has proven benefits. It has been found to relieve symptoms in 82% to 97% of patients who have radiculopathy caused by foraminal stenosis or posterolateral herniated discs (1, 3, (6) (7) (8) (9) . Moreover, a posterior procedure avoids the complications associated with anterior approaches to the cervical spine, particularly vascular injury, esophageal injury, dyspnea, recurrent laryngeal nerve injury, dysphagia, and the accelerated degeneration of adjacent motion segments after fusion, known as adjacent segment disease (10) (11) (12) . However, postoperative neck pain and spasm are disadvantages of a posterior procedure. A wider incision and an extensive periosteal muscle dissection for adequate visualization can induce neck discomfort, which can result in a slower recovery. Minimally invasive spine surgery is necessary to meet the demands of modern society for faster recoveries, which allow patients to resume their normal activities as soon as possible.
Currently, among the various minimally invasive spinal surgery techniques, the tubular retractor system is a well developed system that enables posterior cervical foraminotomy and discectomy through a tubular retractor under microscopic visualization. The present study was performed to compare the clinical parameters and surgical outcomes between open foraminotomy/discectomy (OF/OFD) and tubular retractor assisted foraminotomy/discectomy (TAF/TAFD) in the treatment of cervical radiculopathy.
MATERIALS AND METHODS

Patients and evaluation
A total of 41 patients with radiating pain in the upper arm caused by foraminal stenosis or cervical posterolateral disc herniation were enrolled in the study from January 2003 to June 2005. They were randomly assigned to have surgical treatment by either OF/OFD or TAF/TAFD. Inclusion criteria were the presence of a foraminal stenosis or a posterolateral disc herniation on magnetic resonance imaging (MRI) and persistent radiating pain in the upper arm after 6 weeks of conservative treatment. Patients were excluded if they had neoplasm, traumatic injury, myelopathy, or recurrent cervical disc disease.
After the inclusion criteria were met and informed consent was obtained, patients were randomly allocated into one of two groups based on the surgical technique: Group 1 underwent OF/OFD (19 patients); and Group 2 underwent TAF/ TAFD (22 patients). All of these operations were performed by the same spinal neurosurgeon. The preoperative and postoperative evaluation consisted of a radiologic finding, a neurological examination, and a pain scoring for the upper arm and neck using a Visual analogue scale (VAS). Postoperative evaluations were done on days 1 and 5, week 4, and months 3, 6, 12, and 24 after the operation. The clinical outcomes were evaluated using modified Odom et al. criteria (13) ( Table 1 ). All patients underwent a preoperative MRI as well as preoperative and postoperative computed tomography (CT) scans. The postoperative CT scan was done on 5 days after the operation. We calculated the vertical and transverse diameters of the foraminotomy using the postoperative CT scan (Fig. 1 ).
Surgical technique OF/OFD
All patients were operated on in a prone position. A radiolucent three pin-head fixed instrument was used. A vertical 3 cm midline incision was made after determining the correct level on a lateral radiograph. The lateral lamina/medial facet joints were exposed. Under a surgical microscope, a partial hemilaminectomy and foraminotomy with partial facetectomy of the target level was performed using high-speed drills. The extent of the facet resection was based on the extent of the foraminal pathology on that half of the facet joint. In cases of pure disc herniation, the proximal root was adequately visualized in order to remove the compressing disc material. However, in cases of foraminal stenosis, bony decompression and skeletonization of the proximal root were carefully performed using a 2-mm bullet burr, cervical curette and punch. Patients wore a soft collar for 2-4 weeks after the operation, and were given adequate medication.
TAF/TAFD
The technique used for TAF or TAFD was similar to that used for OF or OFD. Although the procedures use a tubular retractor (METRx system, Medtronic Sofamor Danek, Memphis, TN, U.S.A.), the principles are the same regardless of the specific type of retractor system that was used. A skin incision was initially made approximately 5 mm off the midline ipsilateral to and at the target level. For two-level procedures, the incision should be placed midway between the target levels. After an initial skin incision, the K-wire is slowly advanced through the musculature. This is done under continuous fluoroscopic guidance in order to avoid malposi- 
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tion of the K-wire. The K-wire is docked on bone at the inferomedial edge of the rostral lateral mass at the target level ( Fig.  2) . At this point, the skin incision was extended above and below the K-wire entry point for a total length of approximately 2 cm and the wire is removed. The cervical fascia is incised equal to the length of the skin incision using monopolar cautery. The tubular muscle dilators are placed serially. After dilation is complete, a final working channel (16-mm or 18-mm tubular retractor) is placed over the dilators and fixed over the laminofacet junction with a table-mounted flexible retractor arm, and the dilators are removed. The additional skin incision can be needed in order to avoid skin necrosis, if the final working channel is tightly packed the skin incision. Under the surgical microscope, a partial hemilaminectomy and foraminotomy with partial facetectomy of the target level was performed using high-speed drills. Although the techniques of foraminotomy and discectomy were the same as those for OF/OFD, the tubular retractor assisted procedure needs a more detailed review of preoperative radiological findings in order to achieve adequate neural decompression.
Postoperative pain control
All patients received the same postoperative pain management medication, which included talniflumate (1,110 mg/ day) and afloqualone (60 mg/day) as the postoperative analgesic and muscle relaxant, respectively. These medications were discontinued if both VAS scores for radicular and neck pain were less than 3. Patient-controlled analgesia was used for the first 2 days after the operation.
Statistical analysis
The SPSS 12.0 statistical software package (SPSS, Inc., Chicago, IL, U.S.A.) was used for statistical analysis. Data were analyzed using the chi-square, Fisher exact, Student's t, and Mann-Whitney tests, as appropriate. A P value of <0.05 was considered to be statistically significant.
RESULTS
Clinical parameters
A total of 41 patients were divided into two groups: 19 patients in Group 1 underwent OF/OFD and 22 patients in Group 2 underwent TAF/TAFD ( time, number and location of affected lesion, diagnosis and foraminotomy defect diameter) are shown in Table 2 . The skin incision size, length of hospital stay and analgesic using time were significantly shorter in Group 2 compared to Group 1 (P<0.05). Five patients (12.2%) experiended only pain as a presenting symptom. All other patients had an additional motor and/or sensory deficit prior to the operation. The preoperative neurological status of the patients is shown in Table 3 and there were no differences in neurological status between the two groups.
Changes in degree of pain after the operation
The pain evaluations were done using the VAS. We used the VAS score to check for radicular pain and neck pain on days 1 and 5, week 4, and months 3, 6, 12, and 24 after the operation (Table 4 ). The degree of radicular pain did not differ between the two groups. However, the degree of neck pain was different. VAS scores for neck pain from day 1 to week 4 after the operation were more severe in Group 1 than in Group 2.
Surgical outcome
The total success rate was 85.4% using modified Odom's criteria. Each surgical outcome is shown in Table 5 . There were no differences in surgical outcomes between the two groups, and there were no reported complications due to the surgeries.
DISCUSSION
Various mechanical causes, such as disc herniation, bony spur and foraminal stenosis, can induce radiculopathy. There are various surgical techniques to treat radiculopathy (1, 3, 5, 7, 14, 15) . The effectiveness of posterior foraminotomy/discectomy for treating foraminal stenosis and posterolateral disc herniation is well established in the literature (1, (16) (17) (18) (19) .
The advantages of posterior foraminotomy/discectomy include the avoidance of complications associated with anterior approaches to the cervical spine and no need for cervical fusion and instrumentation. However, posterior procedures also have some problems, such as a limitation in surgical indication (e.g., central disc herniation) and postoperative neck discomfort. A wider incision and an extensive periosteal muscle dissection for adequate visualization can induce neck pain, which can result in a slower recovery. Modern society demands faster recovery times, which necessitates minimally invasive spine surgery. Foley and Smith (20) first described the tubular retractor assisted endoscopic discectomy for lumbar disc herniation in 1997. They believed that this procedure is a less invasive and more effective technique for treating lumbar stenosis and disc herniation. This concept has since been adapted to treatments of the cervical spine.
In this study, we compared the various clinical parameters of TAF/TAFD and OF/OFD ( Table 2 ). The skin incision size, length of hospital stay, and analgesic using time were significantly shorter in Group 2 than in Group 1 (P<0.05). In addition, the postoperative neck pain reported during the 4 weeks after the operation was significantly lower in Group 2. These results show the advantages of TAF/TAFD. TAF/ TAFD is a minimally invasive procedure using a tubular retractor system, which allows for a smaller skin incision and far less muscle injury (21) . It also reduces the amount of postoperative discomfort and shortens the length of hospital stays and the postoperative analgesic using time.
Our surgical outcomes for the two groups were not statistically different. Fessler et al. described the use of the tubular retractor assisted endoscopic system for posterior cervical laminoforaminotomy in human cadaveric spines in 2000 (10) . They demonstrated that the average vertical and transverse diameters of the foraminotomy defect were greater in the TAF group compared to the OF group. In our study, the average vertical and transverse diameters of the foraminotomy defect were the same in the two groups. These results suggest that the TAF is at least as clinically effective as the OF in relieving the neural compression and thereby reducing radicular symptoms. Our total success rate was 85.4% using modified Odom's criteria. This outcome is similar to the success rates (82-97%) reported in other studies (1, 3, (6) (7) (8) (9) .
The complication rate in other studies was 0-9%. Durotomy and CSF leak were the most commonly reported complications (5, 6, 8, 9, 13, 18) . Although we did not experience complications after the posterior procedure, our study had a small number of patients and more complications may arise in a large study group. However, it is clear that the cervical posterior procedures (TAF/TAFD and OF/OFD) can be safely performed in patients with foraminal stenosis and posterlateral disc herniation.
The superiority of TAF/TAFD over OF/OFD has been demonstrated in some studies (10, 19) , but until now, there has not been a randomized clinical study comparing TAF/ TAFD and OF/OFD. To our knowledge, this is the first prospective randomized clinical study comparing the clinical outcomes of these techniques.
Some parameters (skin incision size, length of hospital stay, analgesic using time, and postoperative neck pain during the first four postoperative weeks) were favorable in Group 2 and these factors should affect the willingness of a patient to undergo this operation. In conclusion, TAF/TAFD should increase patient's compliance and is as clinically effective as OF/OFD.
